Figure 4: Effect of treatments on the composition of the litter microbiota over time. Distribution of bacterial abundance is shown on Y-axis. Intestinal bacterial, at the top of the graphs, are shown as patterned areas; environmental bacteria are shown at the bottom; organisms occur in the graphs in the order in which they are listed in the legend.
previous flock(s) could potentially have a major impact, positive or negative, on the gastrointestinal health status of the young broiler chick. Historically, commercial poultry producers have fed low levels of antibiotics in their poultry ration to negate the impact of pathogen growth on feed conversion ratios and weight gain; however, because of consumer pressure and government mandated restrictions on antibiotic usage, many poultry companies are establishing antibiotic-free programs [3, 4] demonstrating increasing interest in the development of alternatives to low dosage antibiotic usage in the poultry industry.
Probiotics, competitive exclusion products and prebiotics are all potential antibiotic alternatives to help alleviate the cost of enteric disease in poultry production. Some antibiotic alternatives have been shown to reduce pathogens in the intestinal tract of poultry resulting in increased weight gain, feed conversion ratio, and livability [4] [5] [6] [7] [8] . Probiotics are live microbial feed supplements designed to benefit the host by improving the intestinal microbial ecology [9] . They have been utilized for centuries, but a scientific hypothesis regarding their benefits was not proposed until the turn of the 20 th century when Elie Metchnikoff observed the unusually long life span of Bulgarians that consumed fermented milk [10] . In 1907 he proposed that the ingestion of lactic acid producing bacteria found in fermented milk had a positive impact on health [11, 12] . The exact mechanism through which these products provide benefits is being studied and may actually differ depending on the specific formulation. Mechanisms include modifying the pH of the gastrointestinal tract, production of antimicrobial or signaling molecules, competing for ecological niches and available nutrients, promoting epithelial cell differentiation and turnover, affecting mucus production, aiding in the metabolism of nutrients by the host, and/or stimulation of the immune system [13] [14] [15] [16] [17] . An exciting new perspective on intestinal/microbial symbiosis comes from the finding that pioneer colonizers, the first bacteria to reach the neonatal gut, can directly influence the development of the intestine and the nutrient matrix it provides for sequential bacterial species that eventually comprise the complex microbiota [18, 19] . This is not only important for optimal gut development [19] but for disease
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Introduction
The gastrointestinal tract is home to a diverse population of microorganisms that can have a great impact on chick health, either positively or negatively. In a natural setting, gastrointestinal organisms are rapidly obtained from the egg shell and by consuming fecal material from the adult hen [1] . In today's commercial poultry industry however, the development of a complex intestinal microbiota is delayed because sanitation in commercial hatcheries have severed the connection between the chick and the complex fecal microbiota associated with the hen. This allows environmental bacteria to play a larger role in seeding the intestinal tract of the commercial broiler chick [1, 2] . Many commercial poultry companies use a built up litter system, meaning that the bacteria left in the litter from the resistance [20] [21] [22] [23] [24] [25] and modulation of inflammation [26] [27] [28] [29] [30] [31] [32] . It is imperative that chicks receive autogenous pioneer colonizers to mediate the development of a healthy intestinal microbiome essential for optimal flock performance. There are many commercially available probiotic and competitive exclusion products that contain autogenous pioneer colonizers.
Prebiotics are defined as "a non-digestible food ingredient that beneficially affects the host by selectively stimulating the growth and/or activity of one or a limited number of bacteria in the intestine [15] . Prebiotics contain complex carbohydrates that pass through the small intestine to the lower gastrointestinal tract where they are utilized by specific bacteria [15] . Feed containing these indigestible complex carbohydrates affect the composition of intestinal microbiota because the status of the intestinal food web is altered. Variations in the available carbon and energy sources affects the abundance of primary degraders of particular substrates and modify the proportion of scavenger microorganisms that are able to utilize the metabolic by-products produced by the primary degraders. These interactions generate changes in the composition and metabolism of the microbiome and can tip the balance towards a more beneficial profile. Galactoand fructo-and mannanoligosaccharides are the most commonly used prebiotics. Mannanoligosaccharides have demonstrated a number of benefits in poultry including increasing abundance of lactobacilli and bifidobacteria, binding of type-1fimbriae on gram-negative bacteria which reduces abundance, modulating the immune response, and reducing the enterocyte turnover rate [15, 33] .
Since Metchnikoff's observations, numerous studies have shown that a fermentative microbiota can inhibit pathogens, that disturbances of the intestinal microbiota can increase susceptibility to infection and that addition of prebiotics and probiotics increase resistance to infection [11, 20] . One of the most important studies by Nurmi and Ratali [17] demonstrated that day old chicks were protected against colonization by Salmonella following the administration of an oral suspension of cecal contents from an adult chicken [2] . The "Nurmi concept" is better known as competitive exclusion and exploited worldwide to reduce pathogen colonization of humans and animals [1, 2, 34] . However, because competitive exclusion products are made from the microbiota of adult animals, they also contain pioneer colonizers that enhance development of the intestine.
An effective intestinal health program for poultry production includes "seeding" the gut of hatchlings with favorable organisms (probiotics or competitive exclusion products), "feeding" the favorable organisms with prebiotics and organic acids and "weeding" out the unfavorable organisms with products such as type-1 fimbria blockers [35] . The "seed, weed, feed" concept for utilizing antibiotic alternatives in poultry production is most effective if it is applied to sequential flocks. Reports from the field indicate that several flock cycles may be needed in order to improve production parameters and resolve recurrent disease houses/farms. This observation indicates that the litter microbiota is important in developing a healthy intestinal microbiota. While there have been many cultivation-based studies focusing on the presence of specific bacteria in chicken litter [36] [37] [38] [39] , it has been difficult to thoroughly characterize the composition of litter due to inadequate traditional culture techniques. Selective media is often not as specific in some instances and too selective to allow certain bacteria to be detected. However the litter microbiota has been characterized by molecular ecology techniques in a few studies [17, 40] and recently we reported the effects of probiotics or prebiotics on the microbiome and antibiotic resistome of broiler litter [42] . The objective of this report was to evaluate the impact of alternative growth promoters on the litter microbiota from a chick quality standpoint.
Material and Methods

Housing, litter and treatments
Five colony houses equipped with fresh pine shaving litter were top-dressed with 20 gallons/house of built-up litter obtained from a Northeast Georgia commercial broiler house. Five hundred day-of-age broiler chicks were obtained from a commercial hatchery, and 100 chicks were randomly allocated to each of the colony houses at a stocking density of 1 ft 2 / bird. Birds were grown until the end of the rearing period and received All-Lac (Lactobacillus, Enterococcus, and Pediococcus -Alltech Inc, Lexington KY USA) the combination of All-Lac and Biomos (Mannanoligosaccharide -Alltech Inc, Lexington KY USA), Aviguard (Undefined bacteria collected and cultured from chicken cecum content -Microbial Developments Ltd Malvern UK) and Primalac (Lactobacillus spp, Enterococcus faecium, and Bifidobacterium thermophilum -Star-Labs, Clarksdale MO USA) as per the manufacturer's directions; the control group did not receive any treatment [41] . After down time, each colony house was repopulated with day-old chicks from the same commercial hatchery, the designated probiotic product was applied for each treatment group again and this cycle was repeated for a total of 4 production cycles on the same litter throughout the study. Each flock was reared for 6 weeks; no litter was collected when birds were not in the flock house. Weekly when the birds were present, five random litter samples from each colony house were obtained using a number/grid system and pooled. A 5 gram sub-sample was then taken from the pool and mixed with 20ml of 0.9% NaCl, homogenized for two minutes and stored at -80°C for further analysis.
Animal performance
At the end and beginning of each cycle the birds were weighed. Mortality of birds was recorded daily and used to calculate the percentage of dead birds for each cycle. A standard commercial broiler diet based on corn-soy meal containing only monensin as anticoccidia was supplied ad libitum and the amount supplied for each house recorded. Feed conversion ratio, live weight, and total mortality were determined at the end of the second, third and fourth cycle.
Characterization of litter bacterial composition
The protocol used for isolating the community DNA from litter samples was as previously described [40] . PCR amplification of the V3 and V6 region of the bacterial 16S rRNA genes was conducted as previously described [42] . DNA extracted from Salmonella typhimurium SR11 was used as control to test for errors during PCR amplification and pyrosequencing. Samples were submitted to the University of Georgia Genomics Facility for pyrosequencing according to methods established by the manufacturer. Sequences analysis was carried out using MOTHUR v1.21.0 [43] . Good quality sequences were aligned using the SILVA database in MOTHUR and further filtered. Distances were calculated on preclustered sequences, and operational taxonomic units (OTU) were formed using the average neighbor method in MOTHUR.
Statistical analysis
Statistical treatment related to the frequency of specific sequences present in samples, and animal performance were conducted by analysis of variance using the general linear procedure of SAS software [44] . Tukey test was used to test differences (P ≤ 0.05).
Results and Discussion
Poultry deep litter systems have been used as a practice to improve efficiency of meat production and to decrease environmental waste, however little is known about the microbial composition of the reused litter over time. Correct management of poultry litter is important for good animal indexes because it affects air quality and pathogen load in the poultry house. However it can act as a source of beneficial organisms such as pioneer colonizers that stimulate development of the chicken intestinal tract and competitive exclusion bacteria to reduce the prevalence of food safety pathogens. In this study, we generated large scale 16S rRNA libraries of litter samples produced during four cycles of poultry production supplemented with alternative growth promoters to investigate changes in bacterial composition and frequency of pathogens [41] .
Flock performance
Mean body weights ranged from 1744-1875 grams with no statistical differences among cycles or treatments. There were also no statistically significant differences in feed conversion ratios (2.05-2.22), or mortality rates (2.2-6.3%) among the treatments or the cycle of production. These birds were reared with low density in research colony houses which allowed for low stress and disease prevalence.
Phylogeny of the sequences obtained
After processing of sequences for quality and length, the 64 libraries produced 367,688 total sequences [41] . Seven samples failed to generate a significant number of reads, thus were removed from the analysis. The genera that contributed to at least 1% of the sequences were primarily from the phyla Firmicutes and Actinobacteria. Firmicutes and Actinobacteria are grampositive organisms common in soil and compost. Despite the variation in number of sequences from each sample, Firmicutes contributed an average of 65% while Actinobacteria contributed 28%. The most abundant bacteria within these phyla were Corynebacterium casei, C.ammoniagenes, Staphylococcus cohnii, S. saprophyticus, S. arlettae, Salinicoccus sp., Brachybacterium paraconglomeratum, Brevibacterium linens, Jeotgalibacillus marinus, and Yaniella sp. However a number of intestinal bacteria including multiple species of Lactobacillus, Enterococcus, and Clostridia were also detected.
Effect of time and treatments on composition
Overall composition of litter at the phylum level for each treatment is shown in (Figure 1) . The proportions of Firmicutes and Actinobacteria were similar among treatments however samples from All-Lac and Primalac treated flocks contained a higher proportion of other bacteria. The control group exhibited the least diversity while Primalac or All-Lac + BioMos treatments produced the most diverse litter samples (Figure 2 and 3) . Primalac or All-Lac + BioMos treatment also resulted in more genera detected in the litter (higher richness) and these samples exhibited higher Shannon diversity indices among the samples. Diversity decreased over time among all treatments which indicates that they have the ability to impact composition of the litter bacterial community. Figure 4 shows the effects of the treatments on the litter composition over time. The first sample from all groups was dominated by the phylum Firmicutes. In the control group and All-Lac + BioMos group, Staphylococcus was the most abundant while all other groups were dominated by Salinococcus. The most abundant phylum in the last sample was Firmicutes in all treatment groups except the treatment group receiving All-Lac + BioMos, which was dominated by the phylum Actinobacteria. Overtime, the control group and treatment groups receiving All-Lac or Aviguard saw an increase in Actinobacteria including Corynebacterium, Brachybacterium, and Brevibacterium. Members of the Actinobacteria are likely involved in the decomposition of organic material like wood shavings [45] . They have been found to be key microbes for composting of litter in culture-based studies [37, 46] and the shift in bacterial communities over multiple production cycles is not unexpected given the physical differences between fresh and used litter.
Intestinal bacterial species are components of some of the products used in this study. All-Lac consists of Lactobacillus, Enterococcus, and Pediococcus; Primalac contains Lactobacillus species, Enterococcus, and Bifidobacterium. Aviguard is a fermented product from chicken cecal microbiota. (Figure 4, 5) show the effects of treatments on the abundance of potential intestinal symbiotic bacteria. In the control group Lactobacillus was seen to increase in abundance during an individual cycle, however over multiple production cycles abundance decreased as the flock aged. This trend was not seen in the treatment groups; Lactobacillus tended to be higher at the start of an individual cycle than at the end of the grow out cycle and there was no overall decreasing trend in the Lactobacillus abundance over multiple production cycles in any of the flocks treated with antibiotic alternatives. Litter from Primalac, All-Lac, and Aviguard treated flocks had higher abundance of Enterococcus while all treatments elicited higher abundance of intestinal bacteria than control. Among the bacteria commercially available as probiotics, Lactobacillus and Enterococcus were detected in every litter 32 sample but other probiotic bacteria occurred in low abundance. Bacillus was sporadically detected and occurred primarily in the early litter samples. Bifidobacterium was detected in low abundance in many litter samples from the flocks treated with Aviguard but primarily in the later samples in the Primalac group.
Effect of time and treatments on abundance of pioneer colonizers
The bacterial community of the first sample from the first cycle was statistically different (P<0.05) than the community within the last sample from the fourth cycle for all groups. The fact that the control house was statistically different indicates that time does have a significant impact on the microbiota. The top portion of (Figure 4) shows the proportion of intestinal anaerobic bacteria, such as Atopostipes and Clostridium cluster XI, increases over time. There is a current belief that old litter from chickens harbors a seed intestinal community of pioneer colonizers that can be transmitted to the next poultry flock. We hypothesize that litter from flocks treated with alternatives to antibiotics may have an enriched community of pioneer colonizers. In order to investigate this hypothesis, we evaluated the composition of the libraries in regards to the "rare biosphere" [47] . The library of litter sequences contained total of 1103 operational taxonomic units at the species level however the majority of these contributed less than 10 sequences and in many cases only one or two sequences were detected. Figure  4 and Table 1 shows that the abundance of the rare biome is significantly different over time and with treatments. While the overall percentage of total sequences represented by the rare biome was not large, the number and types of sequences that comprised the rare biome was very different. Potential intestinal symbionts, which would be transmitted from flock to flock, would likely be present within this less abundant biosphere. To test this hypothesis we looked for microorganisms that could be used as markers such as members of the intestinal symbiotic Clostridia that would be increasing in abundance in the control group but abundant in the treated groups. We found that sequences with similarity to Candidatus Arthromitus sp. SFB-mouse, Clostridium aminophilum, C. butyricum, C. cellobioparum, C. cylindrosporum, C. hylemonae, C. limosum, C. scindens, Clostridium sp. producing bacterium SM4/1 were indeed increasing in abundance with flock cycles in the control group ( Figure 6 ) but increased in abundance early on in litter from treated flocks (Figure 7) . These microorganisms could be used as an indicator of the status of the litter and we propose that "good litter" is likely to have a higher proportion of rare biome that serves as a seed of pioneer colonizers for chicks.
The idea of using non pathogenic Clostridia species as pioneer colonizers in the microbiota is gaining momentum. For example, Clostridium butyricum has been shown effective as a poultry probiotic [48] . In addition, other butyrate producing bacteria such as Faecalibacterium prausnitzi, Roseburia faecis, and others may be associated with an healthy intestinal tract due the beneficial properties of this short chain fatty acid [49, 50] . Some prebiotics also can improve the levels of F. prausnitzi in the intestine [51] and enrich the poultry litter. A litter with improved abundance of these organisms as pioneer colonizers could result in flocks with good intestinal health, better prepared to resist to pathogen colonization, and overall better animal performance.
Effect of time and treatments on pathogen abundance
Because deep litter systems are also known to contain pathogens, the litter sequence library was screened for the presence of bacterial pathogens of importance to poultry production. This analysis revealed that a number of potential pathogens were detected such as Arcanobacterium haemolyticum, Staphylococcus aureus, Clostridium perfringens and Erysipelothrix rhusiopathiae however their abundance was not affected by treatments or the cycle ( Table 2 ). Abundance of Clostridium sordellii increased in litter overtime but treatments did not affect abundance. However, detection of Enterococcus cecorum presented a significant interaction between treatment and cycle ( Table 3 ). Overall levels of E. cecorum decreased with cycling; however E. cecorum was more abundant in the control group in the second cycle than the treatments, indicating that antibiotic alternatives could affect the levels of this pathogen in reused litter after 1 cycle. 
Conclusion
Studies have demonstrated the adverse effects of used litter on performance in antibiotic-free poultry production [52] . This is particularly important because reduced use of antimicrobials correlates with shifting incidence of Enterococcus cecorum [53] and clostridial infections such as necrotic enteritis and gangrenous dermatitis [54] . Dumas used molecular ecology to compare litter microbiota from flocks with a history of gangrenous dermatitis and found that litter from wet houses had more gram-negative bacteria [47] .
Cressman et al. reported that used litter produced more Clostridia within the ileum while fresh litter produced more environmental Lactobacillus [13] . In this study, we used molecular ecology to evaluate the composition of broiler litter over multiple flock cycles in order to reveal the effects of using antibiotic alternatives. Probiotics and prebiotics affected the overall composition of the litter microbiota as well as affecting the abundance of pathogens. We detected a reduction of Enterococcus in litter over subsequent flock cycles and in a previous report we described reduction of Salmonella as well [42] . Prebiotics have been shown to improve chick performance on new litter suggesting that they can affect prevalence of pathogens [44] . However in this study, we evaluate the abundance of putative pioneer colonizers in the litter in an effort to explain why multiple flock cycles are usually needed to realize full effects on gut health and performance. A number of reports have described the physiology of poultry litter in regards to nitrogen and carbon cycling including the major microbial groups involved in the processes [37, 46, 55] . But it is not known how these processes affect persistence or abundance of pathogens or of intestinal bacteria that may be important as pioneer colonizers for chicks. In this study we revealed that probiotics and prebiotics have the ability to alter litter microbiota. The poultry industries' understanding of the environmental effects of alternatives to antibiotics is in its infancy. Future research is needed to fully utilize these products in an effort to colonize chicks with a healthy
